e

FN-112
2040

REMARTS O THE COMPRIEEOR -~ ACCZLIRATOR I

=
i

BRFACE

Lloyd Emith

Tebruary 17, 1268

Intrcocducticon

In & conventional electron linear accelerator, electrons
emerge from a gun as a DC-beam to enter a bunching section
which causes a substantial fraction of them to traverse the
maln accelerator 2t an asymptotic phase close to the crest of
the accelerating wave. The Luncher is phased from the accel-
erator so that the time structure of the beam is established
by the accelerator itselfl and a high degree of unifcrmity can
be achieved 1in phase and [inal energy of the electrcns during
the more or less steady state condltion within a pulse, and
from pulse to pulse. 1In the ERA, there is no steady state condi-
tion, there is no natural relation between the time sequence of
events 1in compression, release, and timing of the accelerator
and there is even uncertainty in the charge and mass of the ring.
There 1s clearly a need for devices to correlate the systems; in
order to enter an r.F. structure within, say, a 10° phase range
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requires a precision of 1.5 x 10 sec. at 200 me and 2.5 x 10
sec. at 1200 mc, whereas even the jitter in timing release from the
compressor is likely to be 5 -10 x 10'9 S3ecs.

Two types of accelerators are being considered, an r.F.
linaec and an induction, or pulsed line, accelerator. In elther

case, the synchronization probvlem can be attacked by an action
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on the released ring or by a reacdjustment of the accelerator
on the basis of information about the ring. The initial speed
of the ring is given by the formula for the effect of adiabatic

changes, cxpressed for this purpose in the following forn:

TR Pa (1)

Ga= G TRg
Where Bp‘is the longitudinal velcocity after release and Eﬁ-and
Bcp are the magnetic field strength in the accelerating cclumn
and in the compressor, respectively. Since Bep™ h a small release
velccity would require a very small difference in flelds, which
might be difficult to contrcl. It seems more reasonable to
consider differences of perhaps 25%, which implies that BR? 0.5.
The following remarks on the four possible situations (two types
of accelerator combined with two approaches for synchronization)
thus are predicated on the assumption of a fairly high release
veloclity.

FPulsed Line Acceleration

If the ring sees a longitudinal electric field uniform in

space and time, its momentum will increase according to:

QE
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and its spatial position according to:
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WHERD @ and Hl are thne charge and effective wmass ¢l the rin%J

5 is the zp,1lv field)and ¥ and 2 refer to the lengzitudinzi motilion.
Tho variation in time of arrival at 2 given downstrean location,

ned
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7, dua to variationz in == w@x{ and. starting time 1s obta
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by differentiating eg (3):
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For the wvalues ﬁl = 70 Mg QE = 50 kv/cm, B~1, %wo,ﬁ = %,
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It would thus appear that variations of as much as 107 in
the paraneters of the released ring would not affect the tinming,
provided that the pulses are long enough to cover the anticipated
range of 5-1C mano-seconds in 8tg. It should be remembered, how-
ever, that eq (3) shows that ¥ at the end of the accelerator is
propertional to (%E), sco that this quantity must be controlled
to more like 1% tdléchieve an acceptable uniformity in final proton
energy.

If the uncertainty in release time 1is indeed dominant and
if it 1is both desirable and possible to keep the accelerator pulse
short, the trigger for the accelerator could be provided by a
signal created by the ring passing an upstream reference point
far enough from the accelerator to allow for jitter. Assuming that
the informaticn as to the whereabouts of the ring can be transmitted
accurately at the speed of light, the drift distance required is
(=8ygcst, where DT is the uncertainty in pulsing the lines - i.e.,
about 15 cm per manosecond accelerator jitter. Thus a meter or two
of arift distance should be adequate;fluctuations .in g Would not
sgriously affect arrival time at the accelerator 1f the distance

is that short.
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R.I'. Acceleration

—y

An r.D. accelerator scems To present greater complications.
The flelds would have bteen established much earlier and nothing
ruehr could be dowe about re-phasing on this time scale without
increasing the instantaneous power reguirenments very substantially.
It would ¢eem, therefore, that the synchrconization must Le
acnieved by acting on the ring, with the accelerator serving as
time reference. A stralghtforward way to accomplish this end
would bte to precede the accelerator by a btunching cavity, tied

to the accelerator in phase but oscillating at a sufficiently

iow sub-harmecnic that the range of releasce-time errors falls
within the linear range of the buncher sine-wave. 3y this means,
the ring could be given a veloclty Increment proportional to its
time deviaticon from ideal and thus, alter drifting some distance,
arrive at the accelerator at the correct phase, though with the
wrong velocity. Unfortunately, the numbers look unattractive;

in order to cover 10 ns uncertalnty in a quarter of an oscillation

requires az buncher frequency of about 25 megacycles, and the drift

distance required tc make up the time error, siven by
j ()

Atg
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Ar

is 70 meters for atg = 5 x 1079 sec, AB/BR = 0.01, and 2g= %.
Before seriously contempiating such a scheme, it would be important
to measure what Aty really is, and to calculate what range of
veloclty and phase errcrs is tolerable to the accelerator. Such

a tolerance calculation is not as easy fto do as for the pulsed

line accelerator tut rather necessitates an integration of the

phase oscillation equation to determine the final ¥ of the ring



S FN-112
2040

as & function of initial condiltions. Tor the present, the
tclerance of 17 on velocity used atove is nothing mere than a
SUeSs.

It 1ight be possivle to correct the arrival times of the
ring without Introducing a veloclity error by using a magnetlce
perturbation. The time of passing a plck-up loop shortly
followlng the compressor could be compared to the phase of the
accelerator and the magnetic fleld between compressor and
accelerator could be ralised or lowvered to change the ring velocity
and thus the time of arrival at the accelerator., Zxpression (6)
applies to this situation also, Lut now Aty need bLe no rneore than
half an r.f. cyecle and the fracticnal veloclity change In the
alter=d¢ fleld region could ke large, since 1t is undone when the
rinzg enccunters normal field strength again., In this case, the
drifs length is preobably determined by the time needed to make

the field change before the arrival of the ring. From eq'n (1)

B -3 -8
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whei - J.e =xora subscript, a, refers to values Iin the altered
section of solenoid. If Bcp = 20 kg;Bg = 15 kg, 3% = 2.5, and
Bﬁa Jiffers from ‘e by 187, tﬁm%f&r@ﬁf 1 kg, a fleld difference
which must be establlished over a distance of a2 meter or so before
the rings arrives. For a rate of rise of 10° zauss for the

correcting supply, the required drift distance would be 150 meters,

Conclusion

These numbers can be juggled considerably, ané this report
is only intended as an attempt to point out some of the problems.

)
A

s mentloned In section (&), the nominal release veloclity must
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act Le toe Low, in

other hand, the zbove examples zhow that the correcting

l_..‘-

can =asily get out of hand if 1t is ftoo N ch.  In the case ¢f an

o

r.T. cecelerator, the drift times should oe zmall compared to
an r.7. period divided ty the uncertainty in release veloclity
if a timing correction 1is to succeed. Teasurements of ring
veloclity and %l have not been considered tecause the author has

no i1dea of the achilevable accuracy.

Appendix On the Validity of fdiabatic Formulas

e formuias used here and for the peristaltlc process
during acceleraticn for the @ffect of spatial variations in
the solencidal magnetic field are based on the assumptlon that
the field changes take place over many rotation pericds of the
clectrons. In fact, the axlal distance traversed per trans-
verse revolpticn increases so rapldly with EH that the assumptlon

is not very good, even for the manlpulations contemplated in this

note at low velocity. The axlal progress per turn 1is ziven by:

s = AW
§: 27RE, Y, (8)

which, for R = 4 em, is already 25 cm at 3,, = 0.7.
Some idea of the seriousness of this effect can be cotained

by considering the opposite extreme of a sudden step 1n longitu-

eR

dinal fieid. In transition, AR= aApp= O, but 4p, = 3o

#B, 380

that the center of curvature of the orbit is displaced by an

amount, é% R. Thus, except for possible self-field effects, the

o)
<

ring would thereafter pulsate radially at rotation frequency
with that amplitude. OCn the other hand, the change in axlal

2

speed 13 the same as in adiabatic approximation, zo that one
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might anticipate that the desired timing and neriztaltic =ffects
de net depend on the approximation. The remaining worry would

ce the effect of inducing 2 ccherent radial oscillation by

imposing Tleld changes over too short a distance.



